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DR. SMITH:* We are very pleased to have Dr.
Ernest Jawetz with us today to discuss the ra-
tionale for the use of combination of antibiotics.
DR. JAWETZ: f On the whole, physicians are well
satisfied with the position of antimicrobial drugs.
They derive a feeling of security from the fact
that a majority of microbial infections can be
treated effectively and cheaply and that most
patients recover not only from the infection but
also from the undesirable effects of the drugs.
However, from time to time, the physician's feel-
ing of security is threatened. He hears about the
emergence of drug resistance, about superin-
fections, about failures of antimicrobial drug
treatment. At such times he wonders: If one
drug is good, might two not be better, and might
three not cure every patient of every disorder?
Such sentiments are undoubtedly involved in the
very widespread use of antimicrobial combina-
tions. For example, 11 percent of 7,094 patients
admitted to Johns Hopkins Hospital during a
three-month period in 1963 received from two to
five antibiotics, whereas only an additional 7
percent received a single antibiotic. Some years
ago a correspondent, surveying the German drug
market, found hundreds of preparations contain-
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ing several drugs and concluded: "It has become
unfashionable to use one drug by itself."' 2

Even if we acknowledge the vast abuse of
drug mixtures, some reasonable indications for
the use of antimicrobials in combinations may be
listed briefly:

1. Prompt treatment of a desperately ill pa-
tient who is suspected of having a serious infec-
tion. Two or more drugs are aimed at the sev-
eral most likely pathogens. The commonest ex-
ample at present is the initial treatment of
suspected Gram-negative bacterial sepsis. tom-
monly employed combinations "aimed" at the
most serious organisms consist of gentamicin plus
carbenicillin, or kanamycin plus cephalothin or
ampicillin.

2. The emergence of microbial mutants re-
sistant to one drug may be greatly delayed by
the simultaneous presence of a non-cross reacting
second drug. This applies particularly to chronic
infections-for example, tuberculosis where simul-
taneous use of two drugs, or even three drugs,
is universally accepted to deal with large mi-
crobial populations in symptomatic disease.

3. Mixed infections-for example, in the res-
piratory tract-usually are well managed with a
single drug. Very rarely, however, simultaneous
sepsis with two organisms may require the use
of two drugs, each aimed at one organism.
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4. The desire to achieve bactericidal synergism
is a much advertised claim and a fervent desire
-but very rare in reality. It is discussed below.

In contract to the above list of possible clin-
ical indications for antimicrobial coribinations,
there is a longer list of disadvantages of their use:

1. If a physician already administers penicillin,
kanamycin, erythromycin, tetracycline, cepha-
lothin, vancomycin-and a dash of cortisone-to
a very sick patient, he feels that everything pos-
sible is being done for that patient. This gives
the physician a false sense of security, and he
will not expend all possible effort toward a spe-
cific diagnosis which might permit specific treat-
ment. The result is direct harm to the patient.

2. The more antimicrobials given simultane-
ously, the greater the chance for sensitization of
the patient, or for adverse reactions, be they
toxic or hypersensitive.

3. Unnecessarily high cost.
4. All too frequently a drug combination

achieves no greater therapeutic benefit than a
properly selected, effective single drug.

5. "Fixed" antimicrobial combinations are al-
ways unsuitable for specific treatment; usually
there is too high a dose of one drug and too
low a dose of the other drug. This and many
other reasons have led to the recent disapproval
of fixed antimicrobial combinations by regu-
latory agencies in the United States.

Let us now review the types of combined
drug effects which might occur if two anti-
microbials act simultaneously on a homogeneous
microbial population (Chart 1). By far the
commonest situation is that drug A has very
little effect, and drug B is moderately effective
in reducing the number of viable microorganisms.
A plus B is similar to B (the more active drug)
alone. This type might be called "indifference of
drug interaction," and it occurs in a large ma-
jority of clinical situations where two antimicro-
bials are employed together-a striking waste.
The most desirable interaction might be called

"synergism": Drug A alone has very little effect,
drug B inhibits growth moderately, but-through
some magic-A plus B produces rapid killing of
the entire microbial population. Such "synergism"
unfortunately is very rare, and it is entirely spe-
cific for a given drug combination, acting on a
single strain of microbes.
The third possibility is that drug A alone is

significantly bactericidal against an organism,

TYPES OF COMBINED ACTION OF ANTIMICROBIAL
DRUGS

14
x
1.4t
k
It

I

<1t

.P,

INDIFFERENCE

NO DRUG

P U GUCr A

o R DRUG S

A4B

SYNERGISM ANTAGONISM

DRUG

C

'.4
! ' \ ^+l | 8 o~~~~~~~~RUGA

0 120 a 0 II
UOURS AFTER INOCULATION

Chart 1.-Types of combined action of two anti-
microbial drugs on a homogeneous microbial popula-
tion. Schematic representation of bactericidal action
in vitro, showing the possible types of results seen
-when one drug, or two drugs, act on a homogeneous
population of bacteria, under conditions permitting
growth.

while drug C alone has a barely inhibitory effect.
The addition of C to A results in a pronounced
reduction of the antibacterial efficacy of A. This
can be called "antagonism." A few characteristics
of antimicrobial antagonism are worth noting.
In vitro antagonism is observed most readily as
a reduction in the rate of bactericidal action
when two drugs are acting simultaneously on a
homogeneous microbial population. In experi-
mental infections (Chart 2), this antagonism can
also be demonstrated when a primarily bacterio-
static agent (for example, chloramphenicol,
tetracycline, sulfonamide) in a barely effective
amount is administered before, or with, a minimal
therapeutic dose of a bactericidal agent (for
example, a penicillin, an aminoglycoside). How-
ever, the antagonism can be overcome readily by
an excess of the bactericidal drug (Chart 2).
The mechanism of antagonism is not fully un-
derstood, but it apparently depends on a pro-
nounced slowing of microbial metabolism by the
"antagonizing" drug (for example, an inhibitor
of protein synthesis) before the action of the
bactericidal drug (for example, an inhibitor of
cell wall synthesis) if the latter depends on ac-
tive microbial metabolism for optimal action.
The experimental demonstration of antimicrobial
antagonism in vitro and in vivo is interesting-
but does antagonism ever occur in clinical treat-
ment of human infections? It can occur under
special circumstances. The best known exan-kples
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TABLE I.-Clinical antibiotic antagonism. Treatment
of pneumococcus meningitis*

Deaths
No. of
Patients No. Percent

Penicillin
12 million units i.m. 43 13 30
daily X 14

Penicillin, same dose +
chlortetracycline ............... 14 11 79
50 mg per kg per day i.v.

Cases of comparable stage and severity.8

TABLE 2.-Ampicillin in bacterial meningitis'
Deaths

No. of
Drugs Used Patients No. Percent

Ampicillin
150 mg per kg per day ....... 140 6 4.3
10-12 days

Ampicillin
150 per mg per kg per day
+ chloramphenicol
100 mg per kg per day + ...... 124 13 10.5
streptomycin (2 days)

0 1 2 3 4 5 6

DAYS AFTER INFECTION4

Chart 2.-Death rates observed in a streptococcal
infection of mice treated with penicillin alone (18
or 90 gg per mouse), chloramphenicol alone (600 ,g
per mouse), or penicillin in various doses admin-
istered at the same time as chloramphenicol, but
injected separately. While chloramphenicol antag-
onizes the action of penicillin, an excess of penicil-
lin can overcome this antagonism.

come from the treatment of bacterial meningitis.
Twenty years ago Lepper and Dowling3 showed
that in the treatment of pneumococcus meningitis
the addition of chlortetracycine to full therapeu-
tic doses of penicillin decidedly increased the
mortality (Table 1). More recently Mathies et
al4 had a similar experience with the addition of
chloramphenicol to therapeutic doses of ampicil-
lin in bacterial meningitis of children (Table 2).
While antimicrobial antagonism thus can occur

in clinical therapy (the literature contains several
other examples), I believe that it is so limited
by time-dose relationships (see above) as to be
an unlikely and rare outcome in the treatment
of human infections.
The possibility of achieving synergistic effects

deserves detailed discussion. At least three mech-
anisms for antimicrobial synergism are known.5

1. Blocking successive steps in a metabolic se-

quence. Sulfonamides are antibacterial because
they compete with para-amino-benzoic acid
which is required by some bacteria for the syn-

thesis of dihydrofolate. Folate antagonists (for
example, trimethoprim, pyrimethamine) inhibit
the activity of the enzyme which reduces dihy-
drofolate to tetrahydrofolate (dihydrofolic acid
reductase). These folate antagonists inhibit bac-
terial and protozoal enzyme thousands of times
more efficiently than the enzyme of mammalian
cells. The simultaneous presence of a sulfonamide
and a folate antagonist results in the simultaneous
block of sequential steps in the pathway, lead-
ing to the synthesis of purines and nucleic acid
(Chart 3). Such a simultaneous block can re-

sult in much more complete inhibition of growth
than the action of either component alone. Op-
timal proportions of the components of the mix-
ture have been estimated in vitro, but may be
difficult to maintain in vivo. This type of "syner-
gistic," combined antimicrobial action is being
applied to urinary tract infections, enteric fevers,
malaria, and toxoplasmosis.6

2. Inhibition by one drug of an enzyme which
can destroy the second drug. Penicillins suscep-
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Chart 3.-Mechanism of the synergistic action of a
sulfonamide and a folate antagonist.

tible to destruction of beta-lactamases (penicil-
linases) are usually ineffective against organisms
which produce such lactamases. However, if
the lactamase of an organism could be firmly
bound, then penicillins mnight be effective
against this organism. Certain lactamase-resistant
penicillins and cephalosporins have a much
higher affinity for some lactamases than do hy-
drolyzable penicillins (for example, penicillin
G, ampicillin). Lactamases from pseudomonas
and other Gram-negative bacteria are bound very
efficiently by methicillin, cloxacillin or cepha-
losporins. These drugs are resistant to lactamase
action and can protect hydrolyzable penicillins
from destruction. This type of synergistic effect
has been employed a few times in clinical ther-
apy,7 but sufficient concentrations of the binding
drugs are easily achieved only in urine, not in
the systemic circulation.

3. Synergism manifested by pronounced en-
hancement of early bactericidal rate. This type
of combined antimicrobial action has been
studied extensively and reviewed repeatedly.5'8
Some of its characteristics are as follows: The
effect extends over a fairly wide range of con-
centrations of each member of the drug pair;
only one member of the pair need exhibit anti-
microbial activity alone in the concentration em-
ployed in the mixture; the other member may
be ineffective in that concentration, although
active against the particular organism in a 10-
fold to 1000-fold higher concentration.

This type of synergism has been demonstrated
with Gram-negative bacteria, staphylococci and
other organisms, but it has been studied in great-
est detail with enterococci ( Streptococcus fecalis ) .
Most enterococci are inhibited, but not killed, by

penicillins.8 9 The addition of an aminoglycoside
(streptomycin, kanamycin, gentamicin) in
amounts achievable in the systemic circulation
results in an immediate, striking increase in the
rate of bactericidal action, although that concen-
tration of aminoglycoside alone has no discernible
effect in vitro. Enormous concentrations of a
given aminoglycoside (for example, streptomycin
6 mg per ml, kanamycin 3.7 mg per ml) are in-
hibitory to the enterococcus in vitro, unless the
particular strain is genetically resistant. In the
latter case there will be no synergism when that
particular aminoglycoside is added to a penicil-
lin.10"1' The mechanism of this type of synergism
probably depends on the ability of drugs which
inhibit cell wall synthesis (for example, penicil-
lin) to greatly enhance the permeability of en-
terococci to aminoglycosides, so that the latter
can exert a lethal action on the ribosomes of the
bacteria. The uptake of radioactive aminoglyco-
sides is greatly enhanced in enterococci by
penicillins, but not by drugs which affect cell
membranes, or protein synthesis.'2 However,
cephalosporins do not readily participate in this
synergistic effect with aminoglycosides.

Enterococci (Streptococcus fecalis) are the
etiological organisms in 5 to 15 percent of cases
of bacterial endocarditis. Treatment with penicil-
lin alone fails to cure a majority of patients with
enterococcal endocarditis,9 and only a few pa-
tients have been treated and cured with ampicil-
lin alone. By contrast, penicillin combined with
an aminoglycoside has frequently eradicated the
infection. In the past, most commonly, penicillin
was given together with streptomycin or kanamy-
cin."13"4 More recently, some strains have ap-
peared to be completely resistant to huge
concentrations of these aminoglycosides,10"""15
but still susceptible to a combination of peni-
cillin with gentamicin."'

Synergistic combinations of carbenicillin with
gentamicin have been employed in pseudomonas
sepsis of immunodeficient leukemic patients."7
Other types of Gram-negative sepsis may also
be susceptible to "synergistic" drug action 18,19 if a
specific drug combination can be selected by labo-
ratory means for a specific infecting organism.
Before the advent of specific anti-staphylococcal
penicillinase-resistant drugs (for example, methi-
cillin, vancomycin) cases of staphylococcal en-
docarditis could often be cured by specifically
selected synergistic drug combinations.20 In many

CALIFORNIA MEDICINE
'The Western Journal of Medicine

43



other claims for the clinical efficacy of "syn-
ergistic"' antimicrobial combinations, there are
serious doubts regarding the validity of the evi-
dence on which the claim is based.

Conclusion
Perhaps because of its large financial impact,

the ield of combined antimicrobial drug action
has been filled with intense emotions, violent
clains and counterclaims. An effort was made
in thiF brief summary to describe the simplest
common denominators which determine com-
bined antimicrobial activity in the laboratory and
in its application to clinical treatment. A famous
physician, Moses ben Maimon, is said to have
written 800 years ago: "If one can mnanage well
with one individual drug, one should.-not use
a compound one. . One should use medica-
tions compounded of multiple ingredients only
when compelled to do so."21 I may express the
pious hope that my brief presentation may help
physicians feel compelled less often to use
combinations of antimicrobial drugs.
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FLUID REPLACEMENT IN BURNED PATIENTS
In our studies on fluid replacement in burn patients, I think one thing stands

out: The rapidity of fluid loss is much faster than we have been led to believe
by replacing fluids according to clinical signs. In essence our studies really shqw
that the majority, if not all, of the fluid sequestration into the burned area is in
the first 24 hours. By using a 48-hour period of fluid replacement, we are play-
ing "catch-up." So we attempt, and have been for the last several years, to give
the entire quantity in 24 hours, with quite beneficial results. I think also that
it's less important what particular solution you choose as long as you give
enough of it and fast enough.

-BASIL A. PRUITT, JR., Ft. Sam Houston
Extracted from Audio-Digest Surgery, Vol. 18, No. 4, in the
Audilo-Digest Foundation's subscription series of taFe-recorded pro-d.r subscrittion information: 1930 Wilshire Blvd., Suite
700. Los Angeles, Ca. 90057
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